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DEUTERIUM ABUNDANCE IN COMETS: A CLUE TO THE HISTORY OF THE OUTER SOLAR SYSTEM. T. V.
Ruzmaikina, Lunar and Planetary Laboratory, University of Arizona, Tucson AZ 85721.

Abstract. An idea is suggestatiat thecomparative study of D/H abundance in short- vs. long-period cometsegamo
verify the hypothesis that long-period comets were formed much cloder 8un than short-periabmets, whictare believed
to have formed beyond the region of the Kuiper belt.

Current point of view on the origin of comets.Comets provide sampleturn missiongrom the outskirts of the solar
system taits inner part.Therefore they make it possible to stutig compositionand physical properties dfie bodies that
spent most of their lifetime far beyond the planetary system and preserved the least-altered material since the or@ar of the s
system. Thereforthe comets provide an opportunity to stuthe history ofthe outer regions of the solgystem. It is believed
now thatcometsoccupytheregion from beyondNeptune’s orbit to about 200,0@8QJ. The inner region ofhe cometary cloud
is called the Kuiper belt, the outer is tBert cloud after astronomers suggedtegir existence. The distribution of the orbits
of short-period cometand direct observatiorjd] assumethat the orbits of Kuiper betibjects have relatively small inclina-
tions, i.e., that they are concentrated in the disk. An isotropic distribution of long-period comets is close to spherical.

Different mechanisms were suggested for the origin of long- and short-period comets. It is believed that short-period comets
originatedin situ, beyond the planetary system, but that long-period comets were formed as planetesheaégion of giant
planets, and then ejectedto highly elongatedrbits and that theavolved to largeerihelion distances as a resultrafidom
stellar perturbations [2—4].

The possiblity of checking this hypothesis has been afforded by high-precision measuretherisstofpic composition of
cometices, particularly theleuterium-to-hydrogen (D/H) ratio tometwater ice, during théyby of comet Halley in1986. It
is knownthat the D/H ratio in the giant planets increases with increasing heliocentric distance. Therefore, measuring the D/H
ratio in a comet can provide information as to what distémce the Sun the&eomet formed. Particularly, such an investigation
could help distinguish regions where bodieslarig-period and short-periocbmets were formed. The comparative study of
short- and long-period comets would also help to check current ideas about the origin of the comets.

It is widely accepted nothatshort-period comets, whose apheia situated at the interval of distanéesn just beyond
Neptune’s orbit to a few aofs radii, wereagglomeratedh sity, i.e., beyond 30 AU [5]The region of formation of long-period
comets is more controversial. The most popular hypothesgites that theseomets were formed as planetesimalshia re-
gion of giant planets, and then ejected onto highly eccentric orbits due to gravitational perturbations of plahgtsothibiss
was suggested first by Oort in 1950, and continues to be dominant today.

This paper suggestkat precise measurement of the D/H rati@dmets camput some restrictions othe distances where
the comets were formednd therefore provide an important clughe understanding of solaystem formation. If Oort’s hy-
pothesis is correct, thdong-period comets were formed closertiie Sun and, hence, exposed to higher temperatures than
short-period ones. Therefore, they should be more thermally reproeessdtve lower D/H ratios. The enrichment of the
outer solar systerwith heavyisotopes is associated with the preservation of interstellar whsth includes deuterium-
enriched ices. It is knowftom observationshat solartype stars ardormed in dense cores of molecular clouds. It is assumed
that the solar system has been formed under similar conditions. The temperature in the clouds is typically as low as 10 to 30 K
Under these conditions, the processe®lved in molecular productioand destructiorould result in a large D/Hractiona-
tion. For example, observations show that the D/H ratio in water molecules ranges betWeaend 10% and thetypical value
for the interstellar medium is 2 x PPa similar abundance of deuterium is in the Sun and, hence, in a pasotarin acold
cloud most molecules (except molecutardrogen) ultimately become frozen-itust particles and aggregates. Tjaseous
fraction of the cloud becomes underabundant in heavy isotopes.

In this paper westudythe processes thatfectthe D/H ratio in water ice during the infall stage of thenation ofthe so-
lar nebula. The restrictionmposed by radial mixing in the solar nebula, and the thepmelessing of planetesimals during
planetesimal formatiowill be studiedsoon. During collapse dhe presolacloud, dust particlesomposed ofvater ice and
more volatile components would be partially or completely evaporated in a wide redfmiofalling envelopeaccretional
shock, or withinthe solar nebuldnfalling gas generates shock wherits the solar nebula. The intensity of thieock de-
pends on the distané®m the Sun and the angle between the line$owf of infalling gasand the surface of the solar nebula.
Here we consider a case of normal infall, with ¥etcity offree infall, for which ug, the Mach number, isg/cs = 10, where
G is the sound speed in the solar nebula gas. The gas is heated in the shock to
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Under these conditions, exchange reactimsvery fast, and therefore one can exp#wtisotopic exchange ithe gas will
establish a new high-temperature equilibrium.

Maximum temperature of dust aggregatesThree main processes—absorption of ultraviolet radiation and the thermal IR
radiation emitted by other particles, thermal collisions with gas atoms and molecules, and drag associated with the inertial
motion ofthe particleghroughthe decelerated gas—contribute to the heating of solid particles wicthigy of the shock
front.
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The most important heating of large grainghapostshock region is due to gas dragresgrainanove byinertiathrough
the decelerated gas. The grains@eled mainly bytheir thermal emission. Themissivity of large grains is supposed to be
similar to that of the black body. For smaller dust grains the absorption and emission efficiency are given by the Mie theory.
The temperature to which dusggregatesire heated in thehock front depends dhe size of grainsFor submillimeter
and larger grains, the peak temperature can reach
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and hence the temperature of the evaporation of wategjce I75 K is reached at heliocentric distances
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It follows from this equation that the region of evaporation of ice grains extends to 28.5 AU if the density of infallsyg gas i
10 times larger than thaverage density of infalling gas ftire rate ofaccretion 10 M, yrtand M = M,. Submicron ice

particles areevaporated in/ug/cs ~ 3 times smaller region. (The distances of evaporation of more volatilesS¢éNH;, and
CH, are larger—1.7, 2.0, and 3.9 times respectively—than the region of evaporation of water grains of the same size.)

Within this region,evaporation ofnterstellar ices results in the loss of excess deuterium ihyitiegen-bearing mole-
cules. Planetesimals formed in this region would have a lower abundance of deuterium thiamrtieasat larger distances. It
is worth notingthat the D/H ratio in the atmospheres of planets increases about 5 times between Jupiter and Uranus, and then
changes mucless remarkably. An accurate determination of the deuterium abundance in volatilecoe®sf makes it pos-
sible to put restrictions on the region of intervals where the comets were formed and, particularly, to check the hypothesis ab
comet fomation in the region of the giant planets.

Summary. Thus, if evaporation ahterstellar ices durinéprmation ofthe solar nebula results in a loss of excess deute-
rium in thehydrogen-bearing molecule$ien planetesimal®rmed inthis region would have a lower abundance of deuterium
than those formed at larger distances. Therefore studyindeuterium abundance in volatile ices@ets makes possible to
put restrictions on theegion of intervals wheréhe comets were formeend particularly checkthe hypothesis aboutomet
formaion in the region of giant planets.
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